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DS 6: Focus Session: Topological Phenomena in Synthetic Matter (joint session DS/HL)

Topological insulators are a striking example of materials in which topological invariants are manifested
in robustness against perturbations. Topology has emerged as an abstract, yet surprisingly powerful,
new paradigm for controlling the flow of an excitation, e.g. the flow of electrons or light. This inter-
disciplinary Focus Session aims at discussing the latest experimental and theoretical results in the fast
developing field of topological phenomena in synthetic matter. The recent merging of topology and cold
atoms, photonics, mechanics and many more fields promises a considerable impact on these disciplines.
We bring together leading theoretical and experimental experts from the fields of topological phenomena
in synthetic matter to discuss recent progress and interdisciplinary synergy emerging at the interface
of these fields. Furthermore, we give an overview to young scientists of exciting possibilities of inter-
disciplinary research in these fields with the special focus on the practical applications of fundamental

science.

Organizer: Sebastian Klembt (Julius-Maximilians-Universitit Wiirzburg)

Time: Thursday 13:30-16:15

Topical Talk DS 6.1 Thu 13:30 H1
Exceptional Topology of Non-Hermitian Systems: from The-
oretical Foundations to Novel Quantum Sensors — eJaN CARL
BubpicH — Institute of Theoretical Physics, TU Dresden, Dresden,
Germany

In a broad variety of physical settings ranging from classical meta-
materials to open quantum systems, non-Hermitian (NH) Hamiltoni-
ans have proven to be a powerful and conceptually simple tool for
effectively describing dissipation. Motivated by recent experimental
discoveries, investigating the topological properties of such NH sys-
tems has become a major focus of current research. In this talk, I give
a brief introduction to this rapidly growing field, and present our lat-
est results. Specifically, we discuss the occurrence of novel topological
phases unique to NH systems. There, the role of spectral degeneracies
familiar from Hermitian systems such as Weyl semimetals is played
by exceptional points at which the effective NH Hamiltonian becomes
non-diagonalizable. Furthermore, we show how guiding principles of
topological matter such as the bulk boundary correspondence are qual-
itatively changed in the NH realm. Finally, we demonstrate that the
sensitivity of NH systems to small changes in the boundary conditions
may be harnessed to devise novel high-precision sensors.

Topical Talk DS 6.2 Thu 14:00 H1
In situ fabrication of (Bi,Sb)-based topological insulator
- superconductor hybrid devices — ePETER SCHUFFELGEN —
Forschungszentrum Jiilich

With their experimental verification in 2007, topological insulators ren-
der a new and fascinating material class. A band inversion in the bulk
of a 3D topological insulator creates a 2D metallic Dirac system at the
physical surface of those 3D crystals. The surface Dirac states are topo-
logically protected and have their spin locked to their momentum. This
intrinsic quantum spin texture promises to enable fundamentally new,
yet elusive quantum technologies, such as Majorana quantum bits. In
this talk, I will introduce the material class of (Bi,Sb)-based topolog-
ical insulators and discuss experimental challenges. I will present an
in situ process that makes it possible to construct hybrid devices com-
prised of topological and superconductive nanostructures fully under
ultra-high vacuum conditions via molecular beam epitaxy. A combi-

Location: H1

nation of stencil lithography and selective area growth allows for the
realization of a variety of superconductor-topological insulator hybrid
devices and solves the associated fabrication challenges.

Topical Talk DS 6.3 Thu 14:30 H1
Atomic monolayers as two-dimensional topological insula-
tors — eRaLPH CLAESSEN — Physikalisches Institut und Wiirzburg-
Dresden Cluster of Excellence ct.qmat, Universitat Wiirzburg, Ger-
many

Two-dimensional topological insulators (2D-TIs) are characterized by
hosting spin-polarized conducting band states at their one-dimensional
(1D) edges, giving rise to the quantum spin Hall (QSH) effect. As
pointed out in the seminal work of Kane and Mele, graphene would
constitute the most simple realization of a QSH insulator if it were not
for its almost negligible spin-orbit interaction. It has been suggested
that going to heavier group IV monolayers (such as the Sn-derived
’stanene”) could remedy this problem, but a convincing demonstra-
tion of such 2D TIs is still lacking. Recently we discovered that the
neighboring groups III and V in the Periodic Table provide a promis-
ing alternative. Here I will discuss rational design, epitaxial synthesis,
as well as ARPES and STM studies of two such synthetic QSH insula-
tors, namely Bi (bismuthene) and In (indenene) monolayers grown on
SiC(0001) substrates.

15 minutes break

Topical Talk DS 6.4 Thu 15:15 HI1
Topological Insulator Lasers — eMoRDECHAI SEGEV — Technion
- Israel Institute of Technology

Topological Insulator Lasers are semiconductor emitters fabricated on
a potential landscape designed to harness the features of topological
insulators to force injection-locking of the emitters, making them act as
a single coherent laser. The concepts underlying topological insulator
lasers will be reviewed along with the recent progress.

Topical Talk DS 6.5 Thu 15:45 H1
TBA — eMorals SMiTH — TBA

TBA



